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TOM TAT

Phuwong phap LASSO (Hastie et al., 2015) chinh héa cac hé sb hdi quy tuyén tinh bing cach thém vao tiéu
chuan binh phwong téi tiéu mot dai lwong phat chuan ¢,. Gan day, phwong phap nay dwgc st dung phd bién dé
gi&i quyét cac bai toan hdi quy sb chiéu cao trong cac linh virc thdng ké, khai pha, hoc may cho di liéu Ién. Trong
bai bao nay chiing t6i &4p dung phwong phap LASSO dé& chinh hoa cac hé sb hdi quy phi tuyén cho bai toan dinh gia
b4t dong san. Dinh gia bt dong san thudng chi dwa vao khodng vai chuc thudc tinh va rd rang méi lién hé gitra gia
b4t dong san va cac thudc tinh nay khéng phai tuyén tinh (Krél, 2015), nén ching t6i phai st dung mé hinh phi
tuyén. Khi d6 sb hé sb can xac dinh trong mé hinh nay thwéng rat Ién, vi vay ching tdi 4p dung phwong phap
LASSO dé chinh hoa cac hé s nay. Tuy nhién phuong phap LASSO ap dung nhu trén lai thuwong kha nhay véi tham
sb chinh héa. Do do6 chung toi d& xuét thuat toan két tap hdi quy phi tuyén LASSO dé& cong hwéng cac ham hdi quy
LASSO yéu thanh ham hdi quy manh, cé6 phwong sai nhd hon. Thuat toan nay da dwoc danh gia trén cac tap div liéu
gia bat dong san thu thap tai tinh Montreal, Canada (Noseworthy, 2014) va quan Long Bién, Ha Noi va cho két qua
chinh xac hon cac thuat toan mai nhat da dwoc duwa ra.

Ti khéa: Gia bat dong san, héi quy phi tuyén, hdi quy tuyén tinh, phwong phap LASSO, két tap héi quy phi
tuyén LASSO.

Building an Efficient Algorithm
for Long Bien District and Montreal Real Estate Pricing

ABSTRACT

The LASSO method regularizes linear regression coefficients by adding a ¢, norm penalty to the least square

criterion. Recently, this method has been used very popularly to solve high dimensional regression problems in
statistics, data mining, and machine learning for big data. In this paper, we applied the LASSO method to regularize
nonlinear regression coefficients for the real estate pricing problem. Real estate pricing was often based on a few
dozen features, and obviously the relationship between real estate prices and their features is nonlinear. Therefore in
the present study we used a nonlinear model and applied LASSO method to regularize the coefficients. Because the
performance of LASSO application is sensitive with regularization parameter, we proposed an aggregation of LASSO
nonlinear regression combining weak LASSO regressions to produce a robust one which has smaller variance. This
algorithm was evaluated on the real estate datasets collected in Montreal province, Canada (Noseworthy, 2014) and
in Long Bien district of Hanoi and more accurate results than the state of the art algorithms were obtained.

Keywords: Real estate prices, linear regression, nonlinear regression, LASSO method, aggregation of LASSO
nonlinear regression.
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1. DAT VAN DE

M3i nguoi chiing ta thuong sé thuyc hién
giao dich bat dong san it nhat moét 1an trong doi.
S6 tién danh cho mua nha 14 khéng nhé, vi vay
viéc ngudi mua quan tdm khéng chi ¢ viéc lua
chon duge mot ngdi nha ung ¥ ma con xem gia
ca c6 hgp 1y hay khong. Viéc danh gia gia tri cua
mot bat dong san di nhién khong phai 1a mot
viéc dé dang. Pé danh gia chinh xac gi4 cia mot
can nha, ngudi ta khong chi doi héi mot su hidu
biét chuyén moén vé thi truong bat dong san
(mot thi trudong rat bién dong) ma con doi héi
mot su hiéu biét that su tudng tan vé ban than
cac thuodc tinh cta bat dong san d6 Mu et al.,
2014). Nhiing kién thiic nay thuong chi duge luu
triibdi cac dai ly kinh doanh bat dong san. Néu
ching ta c6 thé nidm bt kién thic nay bing
cach thu thap dit liéu, st dung cac di liéu md,
tan dung su giip stc cia cac thuat toan, chuong
trinh may tinh, cac kién thtic nay tré nén dé
tiép can hon véi cac ngudi dan binh thuong, gitp
dua ra quyét dinh ma khoéng can dua vao
chuyén gia vi khong may vi chuyén gia d6 c6 thé
tu van theo chiéu huéng cé 1gi cho ho.

Uéc lugng gia bat déng san 1la mot van dé
hét stic quan trong trong quy hoach cac thanh
phd 16n tai Viét Nam. Hién nay, ¢ Viét nam
ching ta cht yéu uéc lugng gia bat dong san
dya trén cac phuong phap truyén théng nhu
phuong phap so sanh truc tiép, chiét tru, thu
nhap, thang du, hé s6 diéu chinh. Cac phuong
phap nay cht yéu nho sy phan tich va can thiép
cta nhan vién dinh gia nén rat khoé tranh khoi
sai lam do chu quan ho#c khéng minh bach
(Quynh va cs., 2015). Ngoai cac phucong phap
truyén thong, trén thé giéi da va dang nghién
cttu va ap dung rong rai cac phuong phap cé su
dung dén cac mé hinh toan hoc dé xac dinh gia
tri bat dong san. Méi nhat 1a cong trinh (Krél,
2015) st dung mé hinh hodenic dé mé hinh héa
gia bat dong san 6 Ba Lan. Mot cach téng quat,
trong mé hinh hoderic, ham gia ctua bat dong
san phu thudc vao cac thudc tinh ctia né nhu vi
tri so v6i trung tdm, gdn dudng, gan cic khu
tién ich, dién tich nha, s6 phong ngu, s tang,...
Cac mé hinh dé xac dinh ham gia c6 thé 1a cac
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mé hinh don gidn nhu mé hinh tuyén tinh hay
cac md hinh phic tap hon nhu mé hinh ma, mé
hinh logarit,...

D3 c6 mot s6 nghién ctu vé viéc xay dung
mod hinh dinh gi4d bat ddng san st dung cac
thuat toan hoc may. Mot trong s6 nhiing nd luc
dang quan tam d6 la viéc dinh gia bat dong san
tai Montreal (Noseworthy et al., 2014). Két qua
ti bai bao nay rat an tuong va c6 anh hudng dén
cach lya chon céac thudc tinh trong di liéu cuaa
ching t6i. Nhém tac gid d6 da st dung hoi quy
tuyén tinh, héi quy tuyén tinh LASSO va K -
lang giéng gadn nhat. Lan luct cac phuong phap
cho trung binh sai s tuyét déi chap nhan duge.
DAy ciing 14 nhiing phuong phap méi nhat ap
dung cho dinh gia bat dong san tinh Montreal.
Nhiing k&t qud nay nhu moét su dam bao, dinh
huéng ching t6i diéu tra, khao sat va xay dung
mo hinh dinh gia bat dong san tai quan Long
Bién. Tuy nhién, khong muén lap lai cac két
qua da dugc cong bo trudc d6 va cudi cung bi
rang budc bdi tap dii liéu da cé, ching t6i lua
chon viéc kham phéa va st dung cac dic diém
khac miéu ta va md hinh héa gia cta cac ngobi
nha trong quan Long Bién.

Trong bai bao nay chung téi phat trién
thuat toan két tap hoi quy phi tuyén LASSO dé
x4y dung mo hinh dinh gia bat dong san tai
quan Long Bién. Hiéu ning cta thuat toan dugc
danh gia trén di liéu bat dong san ching t6i thu
thap dugc trén quan Long Bién. Hon niia, ching
tdi so sanh mot cach chi tiét hon thuat toan dé
v6i nhitng thuat todn mdi nhat cho dinh gia bat
dong san tai tinh Montreal (Noseworthy et al.,
2014). Day 1a tap dii liéu da dude cong bo quoc
t& rong rai.

2. VAT LIEU VA PHUONG PHAP
2.1. Vat liéu nghién ctu

2.1.1. Tiap dir liéu baAt déng sian quan
Long Bién

Dé tht nghiém cac thuat toan va mo hinh
dé xuat, ching t6i st dung tap dii liéu dugc
ching t6i diéu tra trén dia ban quan Long Bién,
theo dé tai trong diém T2014 - 10 - 04 TD, tai
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trg béi Hoc vién Nong nghiép Viét Nam. Tap di
liéu nay bao gom théng tin ciia 487 bat dong
san, cac thong tin nay bao gém: gia giao dich,
dién tich cua khu dat, vi tri caa khu dat chia
theo quy dinh ctia Bo Tai nguyén va Méi trudng,
do rong dudng vao nha, d6 thuan tién cua 161
vao nha, khoang cach dén trung tAm thanh phd,
khoang cach dén trudng hoc gan nhat, danh gia
chat lugng truong hoc, danh gia chat lugng dich
vu y t&, danh gia trinh trang s6 dd, khoang cach
dén chg gan nhat, khoang cach dén trung tam
quén, d6 réng mat tién cua thia d4t, tong dién
tich san cta nha, dic diém nha,...

2.1.2. Tip dit liéu bat dong san tinh
Montreal

Trong bai bao nay, ching téi danh gia hiéu
ning cua cac thuat toan hoc, mé hinh dinh gia
mot cach chi tiét hon trén tap dit liéu bat dong
san thu thap tai tinh Montreal. Day 1a tap da
lidu da dugc cong bo quéc t&. Tap di liéu mau
nay bao gdm cic moé ta tiéu chuin cia mdi ngdi
nha cling nhu s6 lugng cic cd sé ha tang trong
vong ban kinh 3 km tinh ti& ng6i nha dé.

Trong 9.717 mAu dii lidu thu thap dudc cb
nhiing ngdi nha khong c6 du cac thudc tinh. Ro
rang cac thuoc tinh bi thiéu anh hudng dén viéc
dinh gia ctua bat dong san dé. Noseworthy et al.
(2014) dua ra ba huéng ti€p can dé giai quyét
van dé mat mat thong tin d6 1a: loai bd cac ban
ghi c¢6 cac thudc tinh mat méat, du doan gia tri bi
mat mat v6i phuong phap to61 da héa ky vong va
thay gia tri bi mat véi gia tri trung binh cua cac
thudc tinh. Cac tac gia da chi ra ring phuong
phap bd di cac ban ghi bi mat mat 1a hiéu qua
nh4t trong xay dung m6 hinh dinh gia. Khi d6
tap dit lidu bi rat gon xudéng con chi 2.289 ban
ghi. Trong bai bao nay, tap di liéu rat gon sé
duge st dung dé danh gia hiéu ning clia cac
thuat toan hoc.

2.2. Phuong phap nghién ciu

Hoéi quy tuyén tinh va héi quy tuyén tinh
LASSO da dugce ap dung hiéu qua cho tap dii liéu
bat dong san tai tinh Montreal. Tuy nhién gia
thuyét gia bat dong san tuan theo mé hinh tuyén
tinh rd rang khong thoa dang (Krél, 2014). Hon

niia, hoi quy tuyén tinh LASSO dugc dua ra dé
gidi quyét bai toan héi quy tuyén tinh cho dii liéu
thua s6 chiéu cao (s6 lugng thuoc tinh 16n so véi
s6 ban ghi). Do vay chi véi vai chuc thudc tinh thi
giad thuyét cac thudc tinh nay thua 1a thuc su
khong can thiét (Noseworthy et al., 2014). Hon
niia, trong hoi quy tuyén tinh LASSO van dé lua
chon tham s6 chinh héa t6t nhat khong phai la
cong viéc dé dang khi s6 ban ghi chi hang tram
nhu trong dii liéu bat déng san quan Long Bién.
Trong bai bao nay, ching tbi lya chon mot mo
hinh héi quy phi tuyén thich hop cho dinh gia bat
dong san. Do s6 hé s6 can khép 16n, ching t6i ap
dung phuong phap LASSO dé chinh héa cac hé s6
nay. 0 day thay vi st dung cac phuong phap lya
chon tham s§ chinh héa LASSO nhu kiém tra
chéo,... chiing t6i gidi thiéu mot phuong phap két
tap dua trén nguyén ly hoc té6 hop (ensemble
learning) dé két hop cac ham héi quy LASSO yéu
(chua chinh x4ac) thanh mét ham héi quy manh
(chinh x4c hon). Theo 1y thuyét khai quat héa
lam sang to su thanh cong ctia phuong phap
boosting (mét trong nhiing phucng phap hoc té
hop dién hinh) thi su da dang, bién dong caa céc
ham héi quy LASSO khi qua cac tham s6 chinh
héa khac nhau sé lam tang hiéu ning caa
phuong phap két tap. M6 hinh ham héi quy sé
duge x4y dung trén tip di liéu huidn luyén va
duge danh gia cudi cung trén tap dit liéu kiém
tra. Phuong phap kiém tra chéo 5 phan da dugc
st dung dé phan chia di liéu hudn luyén va kiém
tra. Du6i day 12 mo ta co ban cua thuat toan.

2.2.1. Hé6i quy tuyén tinh

M6 hinh tuyén tinh 1a mét mé hinh don
gian va dudc st dung nhiéu trong bai toan xac
dinh gia bat déong san. Trong cac nghién ctiu vé
gia bat déng san cé st dung dén md hinh tuyén
tinh chung ta c6 thé ké dén cac nghién ctu caa
(Christian el al., 2009; Richard, 2009). Hoi quy
tuyén tinh xac dinh mot dudng thing hay mét
mit phdng qua cac diém di liéu trong khong
gian thudc tinh. Gia su gia cua bat dong san la y
va cac thudc tinh anh hudng dén gia ciia n6 nhu
dién tich, d6 rong mit tién, d6 rong dudng vao
nha, tinh trang phéap ly cta khu dat, tién ich
cia khu dan cu (diéu kién vé sinh, diéu kién
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truong hoc, y té), khodng cach dén trung tam
phudng, quan, thanh phd... dudc lugng héa va ki
higu 1a x;,%,...,x,. Ta can xay dung ham gia

cua bat dong san la moét ham tuyén tinh theo
cic bién trén, nghia 14 c6 dang sau:

P
y:f(xl’xz,---,xp)zwo "rZkak
k=1

Qua diéu tra sd liéu ta thu thap dudc n bd
s6 lidu va gid st yi,xf, xé,...,x;, i=1,2,..,nla
c4c s6 lidu ctia ban ghi thi i. Théng thudngta di
tim cac hé s6 w,, k=0,1,2,..., p sao cho binh
phuong sai s6 1a nhd nh4t. Diéu nay dan dén
viéc gidi mot bai toan t6i uu nhu sau:

2

min —Z W +Zwkxk -y

2ni3 k=1

Pay 1a mot bai toan téi uu 161, kha vi va
khong kho khan dé giai bai toan nay bing céc
cong cu khac nhau. Phuong phap huéng giam
thuong dugc st dung dé giai quyét van dé nay.
Héi quy tuyén tinh 134 moét phuong phap hay
khong phai bsi vi né 1a mét phuong phap phé
bién dudc st dung trong cac mo hinh kinh t& ma
con béi vi né c6 modt sy giai thich rat truc quan.
Dua trén d6 16n cta cac trong s6, ching ta c6
thé thdy thudc tinh nao c6 tAm anh hudng 16n
dén gia tri cia mdt ngdi nha.

2.2.2. M6 hinh phi tuyén LASSO

Thuc t& thi mé hinh héi quy tuyén tinh la
don gian vé phuong phap gidi nhung lai khé cho
ra mot sai s6 du tét vi ham gia c6 thé 1a mot
ham s6 phi tuyén (Krél, 2015). Sau rat nhiéu
khao sat ban diu ciing nhu tham khao (Quynh
va cs., 2015), chiing t6i dé xuat xap xi cin bac
hai ham gia b4t déng san bing mét hambac hai
cua cac can bac hai cac bién (thudc tinh).

p p_ k-1
\/;:WO"'Zkak + ZZWM\/E\/Z
k=1

k=2 1=1

J
y=S(x, X0, ,) = wy +

k= k
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P
WX, + z
]

=2

Khi d6 ham gia bat dong san dudc xac dinh
béi ham hoi quy (1):

Véi cac gia thidt va diéu kién nhu trong
phan héi quy tuyén tinh thi ta phai di tim céac
hé s6'w,,w,, bang phuong phap binh phuong t6i

tiéu, nghia 1a giai bai toan téi vu:

2
. 1 p Pk - - -
min] -} w3tk + 22 i 5\
i= k=1 k=2 1=l

Mic du mo6 hinh nay khai quat hon mo hinh
tuyén tinh nhung né ¢6 nhuge diém 1a c6 nhiéu
tham s6 nén khi dung lugng mau khéng dua 16n
thi d& dan dén hién tuong hoc qua (Hastie et al.,
2009). Hién tugng nay dan dén sai s6 do dugc
trén di 1liéu huin luyén nhd nhung trén di liéu
kiém tra thi rat 16n. C6 hai ly do ly giai cho hién
tudng nay. Thi nhat 12 khi st dung phuong phap
binh phuong t6i tiéu thuong cé sai léch thép
nhung phuocng sai 16n va sy chinh xac cua du
doan c6 thé duge cai thién bing cach chinh hoéa
cac hé s6 hdi quy hodc dit mot s6 hé sd bing
khéng. Bing cach nay, ching ta cé thé dua thém
mot vai sai léch nhung giam phudng sai cua gia
tri dude du doan va do d6 c6 thé cai thién su
chinh xac du doan toan bo (nhu trung binh sai s6
tuyét d61). Ly do thi hai cho su gidi thich dugc.
Véi s6 lugng 16n cac hé so, ching ta thudng xac
dinh tap con nhd hon cac hé s6 thuc su c6 nghia
anh hudng dén ham héi quy. Trong bai bao nay
chung t6i st dung phuong phap LASSO dé chinh
héa cac hé s6 cia mod hinh héi quy phi tuyén
trén. Phuong phap LASSO tim cac hé s8 wy, wy,
béng cach giai bai toan t6i wu (2).

Can trén t 1a mot kiu “ngan sach™ né gidi
han t6ng gia tri tuyét d6i ctia cac hé s6 can uée
lugng. Dé thuéan tién bai toan LASSO thudng
duge viét lai duéi dang Lagrange véi 4=>0. Do
do6i ngau Lagrange, c6 mét tuong ting moét - mot
gitia bai toan t61 uu cé diéu kién rang budc (2)
va dang Lagrange (3).

k

2

-1
/=1

2
Wi \/g\/; )
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2n

i=1 k=1 k=21=1

1 & L
min|—3 w0+zwkxk+zzwk,f Jxi - f SaochoZ|wk|+ZZ|wkl|<t(2)

k=21=1

Z_Ini W0+2kak+izwkz\/7\/7 \/T A Z|Wk|+22|wkl|

i=1 =1 k=21=1

2.2.3. Két tip héi quy phi tuyén LASSO

Thuat toan két tap hoi qui phi tuyén
LASSO sé ap dung md hinh héi quy phi tuyén
két hop véi phuong phap LASSO nhu da miéu
ta 6 trén. Tuy nhién sai s8 cia md hinh bién
dong theo su lua chon tham s6 A. Do d6 trong
bai bao nay, ching t6i dua ra phuong phap khic
phuc nhuge diém dé bing cach két hop cac ham
hoi quy nay (tuong Gng véi cac gia tri A khac
nhau). Thuat toan gom cac buée nhu sau:

Budc 1: Tim cac hé s6 W, W}, tit phuong

trinh (3) tuong ting véi gia tri khéi tao tham sé
chinh héal, =0, udc lugngtrung binh sai s6

tuyét doie’ cta dit liéu huén luyén
Buéc 2: Tinh 4, =1, + mVA va tim cac hé

s6 Wy, Wy tit phuong trinh (3) tuong tng véi

gia tri A=A _,uéc lugng trung binh sai s6 tuyét

m>

dsi €" cha di lieu huan luyén (VA=0,005)

Lap lai buéc 2 cho m=1,2,...cho d&n khi

(e’ =5.000), khi d6 & bude cudi
cung ta duge m=M. Cac mé hinh héi quy phi
tuyén LASSO nay dudc két tap lai hinh thanh
mot t6 hop héi quy phi tuyén:

1 M 1 XM

m m
~ 2 WVieoWu = 2. Wk
M+120 " M+1m§3

" >ey+e’

Wk:

Nhiing hé s6 nay sé dudc dung dé xay dung
md hinh hoi quy cudi cing cho dinh gia bat dong
san, ham gia bit dong san dudc cho bdi cong
thiic (1). Phuong phap nay khéng chi thuc hién
su lua chon cac hé s6 c6 nghia mot cach tu dong
ma con lam gidm phuong sai dé cai thién kha
ning khai quat héa ctia mé hinh.

k=21=1

3. KET QUA VA THAO LUAN

Hiéu nang cua cdc md hinh héi quy tuyén
tinh, héi quy phi tuyén c6 va khong ap dung
phuong phap chinh héa LASSO va két tap hoéi
quy phi tuyén LASSO dudc so sanh trén tap dit
liéu bat dong san tinh Montreal. Noseworthy et
al. (2014) da chi héi quy tuyén tinh c6 hiéu nang
tuong duong véi héi quy tuyén tinh LASSO va
cac tac gia cting chi ra day la nhiing phuong
phap dinh gia bat dong san thich hop, cho két
qua tot trén tap di liéu thu thap tai tinh
Montreal. Véi nhiing két qua thuyc nghiém chi ra
duéi day ching ta c6 thé thdy két tap hoi quy
phi tuyén LASSO cho sai s6 tuong déi chinh xéc
hon khoang 2% so v6i nhiing phuong phap ké
trén (gia trung binh cta cac bat dong san tinh
Montreal thu thap dugc 1a 312.380 $).

3.1. Hoi quy tuyén tinh va héi quy tuyén
tinh LASSO

Bang 1 cho ta két qua chi tiét cua trung
binh sai s cia phuong phap héi quy tuyén tinh
LASSO qua cac gia tri A = 0; 1; 5; 10; 100; 1.000.
Véi L = 0 héi quy tuyén tinh LASSO trg
thanhhdi quy tuyén tinh. Ta c6 thé thdy trung
binh sai s6 tuyét déi 6n dinh trit phi A nhan gia
tri rat 16n c¢d hang nghin. Hiéu suit tot nhat cua
hoi quy tuyén tinh LASSO trén tap dii liéu bat
doéng san tinh Montreal 14 @ing v6i A =100, né
mang lai trung binh sai s6 tuyét déi la 46.557 $.

3.2. H6i quy phi tuyén LASSO va két tap
hoi quy phi tuyén LASSO

Bang 2 cho ta két qua chi tiét cta trung
binh sai s6 tuyét d6i ctia héi quy phi tuyén
LASSO da dugc xac dinh cu thé trong phan 3
trén tap dii liéu bat dong san tinh Montreal. V6i
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Bang 1. K&t qua trung binh sai s6 tuyét doi (trén dit liéu kiém tra, tinh Montreal) twong

Uing vdi cac gia tri ctia tham s6 chinh héa A ctia héi quy tuyén tinh LASSO

Hbi quy tuyén tinh LASSO L=0 A=1,0

r=5,0

A=10 A =100 A =1.000

Sai s 46.677 46.676

46.668

46.654 46.557 47.383

Bang 2. K&t qua trung binh sai s6 tuyét déi tuong ing véi cac gia tri

cta tham s6 chinh héa 1 ctia héi quy phi tuyén LASSO

trén tap di liéu huan luyén va kiém tra, tinh Montreal

Hbi quy phi tuyén LASSO A=0 r=1 L=5 r=10 A =100 % =1.000
Trén di liéu huan luyén 31.749 40.036 43.652 47.840 80.028 80.028
Trén di lieu kiém tra 52.828 43.164 46.502 51.686 86.664 86.664

A = 0 thi m6 hinh nay tré thanh mé hinh héi quy
phi tuyén cting dugc miéu ta cu thé trong phan
3. Ta c6 thé thay trung binh sai s6 tuyét déi cua
mé hinh phi tuyén kha nhé cho du liéu huan
luyén (31.749 $) nhung kha 16n cho dii liéu kiém
tra (52.828 $). Con sai sb trung binh tuyét dsi
cta hoi quy phi tuyén LASSO trén dii liéu kiém
tra bién dong nhiéu khi chay qua céc gia tri A =
0; 1; 5; 10; 100; 1.000. C6 nhiéu gia tri A cho
trung binh sai s6 tuyét d6i nhdé hon so v6i md
hinh phi tuyén khéng ap dung phuong phap
chinh héa LASSO, ngudc lai ciing c6 nhiéu gia
tri A cho két qua 16n hon. Piéu nay cé thé ly giai
dudc bdi trong md hinh nay s6 ludng cac hé s6
can xac dinh 1a kha 16n 1én d&n 780 hé s6, tuong
tng v6i 39 thude tinh.

Chung tdi 4p dung phuong phap két hop hoi
quy phi tuyén LASSO cho tap dii liéu bat dong
san tinh Montreal. Chung t6i khdi tao gia tri
tham s chinh héa A, =0, budc nhay tham s6
chinh héa VA= 0,005 va ngudng d6 chénh trung
binh sai s6 tuyét doi 1a ¥ =5.000. Trung binh
sai s6 tuyét doi cua thuat toAnkét tap hoi quy
phi tuyén LASSO 1a 40.250 $, nghia 13 sai s6
tuong d6i 1a 12,88%.

Chiing t0i cting danh gia hiéu nang cua
thuat toankét tap hoi quy phi tuyén LASSO véi
dit liéu gia dat do chung t6i thu thap tai quan
Long Bién. Dii liéu thé ban ddu gom 50 thudc
tinh va gia clia bat dong san chuyén nhugng. Tuy
nhién dii liéu nay chiia nhiéu thudc tinh bi mat
thong tin. Chung téi loai nhiing thudc tinh mat
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nhiéu thong tin va b6 xung thém céc thudc tinh
khai thac duge tit Google Maps APIs duge 41
thudc tinh, tuong ting véi né c6 178 ban ghi chiia
day du théng tin ctia 41 thudc tinh da chon. Két
qua hoi that vong khi sai s6 tuong d6i cua thuat
toan két tap hoi quy phi tuyén LASSO chi dat
dugc trén dit liéu kiém tra 26,48%.

3.3. Thao luan

Cac két qua dinh gia bat dong san quan
Long Bién khéng nhu mong dgi. Cong trinh
(Noseworthy et al., 2014) da khién ching t6i hi
vong rang ching téi c6 thé dat duge két qua
tugng tu. C6 thé viée st dung mot tap cac thudc
tinh riéng biét 1a 1y do tai sao trung binh sai s
tuyét doi thu dudc trong thuc nghiém cta ching
t61 khong thé so sanh véi két qua thu duge trén
tap dii liéu bat dong san cua tinh Montreal. Tuy
nhién cac két qua khong thé so sanh mét cach
truc ti€p bdi vi von di cac thudc tinh trong tap
di liéu cua tinh Montreal va quan Long Bién la
khac nhau. Hon niia tap dii lidu vé bat dong san
quan Long Bién sau khi loai b nhiéu thudc tinh
c6 thé chua bao ham day du cac thong tin can
thiét cho viéc dinh gia bat dong san. Hon niia,
phan 16n cac dit litu déu dugc thu thap tu cac
cht bat dong san. Theo truc giac dang 1& cac
ngdi nha gan nhau néu c6 cac thudc tinh tuong
tu nhau thi gia thanh cua ching ciing phai
tuong ty nhau tuy nhién trong tap di@t liéu nay
doi Idc khong phai vay. Thuc té€ 1a cic chi cén
nha déu c6 xu huéng danh gia rat chi quan ngodi
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nha ctia minh. Tuy nhién ciing c6 mot sé thanh
qua thu dugc tit viéc thi nghiém cac thuat toan
nay. Quan trong nhit 1a viéc xay dung thanh
cong thuat toan dinh gia bat dong san trén tap
dii liéu bat dong san da dudc cong bd qudc té cia
tinh Montreal. Nhiing khdo sat ctia ching toi da
chi ra thuat toan két tap hoéi quy phi tuyén
LASSO 1a t6t hon cac thuat toan méi nhat cho
tap dit liéu bat dong sian tinh Montreal
(Noseworthy et al., 2014) va cho sai s6 tuong déi
chi 1a 12,88%. D61 véi cac moé hinh tuyén tinh,
hiéu nang cta ching bi gidm c6 thé giai thich do
su phi tuyén tinh cta ham gia bat dong san. Béi
vi thuc su thi trudng nha ¢ von 1a mot thi
trudng vo cung phic tap, trén thuc t& 1a khéng
mét ai c6 thé hiéu vé né that su thiu dao.

4. KET LUAN

R6 rang mo6 hinh phi tuyén dugce lya chon
cho phép chung ta xay dung mé hinh dii liéu bat
dong san khai quat héa hon (Krél, 2015). Tuy
nhién véi s& luong 16n hé s6 can xac dinh ctia mé
hinh, 1én dén 780 trong khi dii liéu hudn luyén
cta mdi phan trong kiém tra chéo 5 phan chi 1a
1832 ban ghi nhu trong tap di liéu bat dong san
tinh Montreal, nén viéc hoc mé hinh nay thusong
din dén hién tugng hoc qua (Hastie et al.,
2009). Hién tugng nay thé hién & bang 2 khi
trung binh sai s& tuyét déi trén di liéu huan
luyén nhé nhung trén di liéu kiém tra 16n. Dé
khéc phuc nhude diém nay ching t6i ap dung
phuong phap LASSO thudng st dung cho cac
mé hinh héi quy tuyén tinh s chiéu 16n dé
chinh héa cac hé s6 khép v6i md hinh. Tuy
nhién, trung binh sai s6 tuyét doi khi dé bién
dong rat 16n khi tham s6 chinh héa thay déi. Do
d6 ching t6i dua ra thuat toan két tap héi quy
phi tuyén LASSO dua trén nguyén 1y hoc t6 hop
dé ké&t hop cac mé hinh trén lai thanh mé hinh

héi quy hiéu qua hon. Két qua thuc nghiém chi
ra phuong phap duge dua ra cho trung binh sai
s6 tuong dé1 chinh xac hon cac thuat toan méi
nhét cho dii liéu bat dong san tinh Montreal
khoang 2% (Noseworthy et al., 2014). Tuy nhién
khi ap dung thuat toan nay cho tap dit liéu bat
doéng san quan Long Bién thi hiéu qua khong
duge nhu mong dgi. C6 thé diéu nay la do su
danh gia cht quan cua cac cht bat dong san khi
dudc ching t6i khao sat, thu thap sé liéu.
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